Species in a Colorado subalpine ecosystem show subtle interdependences. Red-naped sapsuckers play two distinct keystone roles. They excavate nest cavities in fungusinfected aspens that are required as nest sites by two species of swallows, and they drill sap wells into willows that provide abundant nourishment for themselves, hummIngbfrd, orangecrowned warblers, chipmunks, and an array of other sap robbers. The swallows thus depend on, and the sap robbers benefit from, a keystone species complex comprised of sapsuckers, willows, aspens, and a heartwood fungus. Disappearance of any element of the complex could cause an unanticipated unraveling of the community.
nity would precipitate a further reduction in species diversity or produce other significant changes in community structure and dynamics. Keystone species may act in a variety ofways (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) : for example, by preying on dominant species, by causing disturbance, by providing resources in times of scarcity, by pollinating and thereby enhancing the persistence of highly dispersed and rare plants, and (as in this case) by providing key, limiting resources or by supporting other keystone species.
The red-naped sapsucker (Sphyrapicus nuchalis, a woodpecker; hereafter "sapsucker") appears to play two keystone roles that help to support different suites of species in a subalpine ecosystem in the Rocky Mountains. One role has already been described. The sapsucker drills sap wells into spruce (Picea engelmannii), aspen, and shrubby willow (Salix spp.). The willow sap constitutes a major portion of the sapsucker's diet during the summer breeding season and is stolen by over 40 species, including hummingbirds, warblers, chipmunks, squirrels, wasps, and butterflies (21, 22) . The sapsuckers thus make available a rich resource to numerous species at times when they are reproducing and storing fat for the winter migration and hibernation. In fact, the breeding distribution of the closely related yellow-bellied sapsucker (S. varius) appears to determine the northern limits of the breeding ranges of the Rubythroat and Rufous hummingbirds (23 We located suitable sapsucker habitat by looking for the unique and prominent signs of well excavation. This damage on aspen trees is easily recognizable for at least 10 years after creation, and thus provides an indication of habitat occupied by the sapsucker that is integrated over time.
To determine the relationship between the occurrence of the sapsucker and the proximity of willow and aspen, we surveyed the prevalence of sapsucker damage in aspen groves located at various distances from shrubby willow. Only willow species with sufficiently thick stems to be used by the sapsucker were considered (S. subcoerulea, S. pseudocordata, and S. brachycarpa). We examined a minimum of 400 randomly selected trees in each aspen grove; the numbers of trees with sapsucker wells and with nest cavities were recorded. Sapsucker wells are very distinctive; in contrast, we could not generally attribute a nest cavity to any particular primary cavity-nesting species.
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Breeding-bird surveys were conducted in six ofthese aspen groves to determine the relationship between the distribution of sapsuckers and that of other birds. Three of the sites (SMN, 2950 m; SMS, 2950 m; and WG, 3020 m) were located in close proximity (<50 m) to or included suitable shrubby willow. The other three sites (AS, 2985 m; LR, 2750 m; and DR, 2800 m) were situated at least 1 km from the nearest willow shrub. The surveys also provided a means of determining whether the principal difference between sites as habitat for insectivorous birds was the presence or absence of willow.
Grids measuring 350 m x 150 m (5.25 hectare) were established in each site. Two types of surveys were conducted, a "standard" survey employing variable-strip transect methods and an "intensive survey" using a modification of the territorial spot-mapping method (26) (27) (28) . The standard survey, performed by two investigators, involved censusing birds (visually or aurally) along bands about two transects trisecting the study area. Nests discovered in the course of this routine were also recorded. Intensive surveys, conducted by the third investigator, involved censusing the entire study area thoroughly and making an intensive effort to locate nests. The mean durations of standard and intensive surveys were 1 hr 12 min and 3 hr 32 min, respectively.
A total of 25 standard and 17 intensive surveys were made. Each site was surveyed a minimum of five times during the peak of the breeding season. A total of 7 intensive and 3 standard surveys each were conducted in SMN and SMS to assess the accuracy of the standard-survey protocol relative to that of the intensive survey. Finally, some features of the vegetation were characterized at each site to assess habitat similarity.
The relative abundance of bird species in each site was calculated as follows. An adult pair was inferred from either (i) an active nest or (ii) the presence of an adult individual on at least 3 census days within a circle of a species-specific radius. The radius was greatest (25 m) for woodpeckers and flycatchers, which frequently left the nest unattended, and was smallest (10 m) for dark-eyed juncos, which usually left a vociferous sentry at the nest. Exact corrections for differential detectability are available from the authors.
RESULTS AND DISCUSSION
Our first result is that the distribution of sapsuckers (as measured by prevalence of damage) is significantly correlated with habitat where aspen and suitable willow cooccur ( Fig. 1) . The small amount of damage found in groves situated far from willow may have been created by birds in migration. The frequency of nest cavities was also significantly higher in aspen trees in close proximity (<50 m) to willow (P < 0.001; G test; n = 13,162 trees). Extensive sapsucker damage found on and in the vicinity of trees with nest holes suggests that many of those cavities were created by sapsuckers.
The survey results are presented in Table 1 . The standard surveys produced results highly correlated to those of the intensive surveys (SMN: r = 0.829, P < 0.01; SMS: r = 0.724, P < 0.01). Aside from the sapsuckers, only one obligate primary cavity nester was found in any of the sites (a hairy woodpecker, Picoides villosus, pair in sites WG and DR each).
Note first that the two obligate secondary cavity nesters (the tree and violet-green swallows) were found only in sites occupied by the sapsucker. The probability that the distributions of both of the swallows and the sapsucker coincided exactly by chance alone was calculated as the following multinomial:
An alternative calculation using Bayesian statistics yields a slightly stronger result of P < 0.0002. Both are conservative estimates, since the probabilities that the swallows occur in a site may not be independent of each other if the swallows compete for a limited resource (such as nest cavities).
Second, facultative secondary cavity nesters occurred in all sites. Their abundance was higher (on average) in sites occupied by the sapsucker. The probability that all of the facultative secondary cavity nesters occurred in higher abundance in sapsucker sites than in nonsapsucker sites by chance alone is (1/2)4 = 0.06. At our study sites, Mountain Bluebirds might be better classified as obligate secondary cavity nesters, but they were too uncommon to ascertain the frequency with which they nest in other than abandoned woodpecker cavities.
The abundance of facultative secondary cavity nesters seemed to depend upon the availability of alternative locations for nests. For example, the abundance of house wrens is correlated with the abundance of rotting, fallen trees (P = 0.05). The distribution and abundance of facultative secondary cavity nesters is thus not entirely dependent upon, but may be broadened and enhanced by, the sapsucker (29) .
Third, while the sites do not constitute perfectly identical replicates, there are no significant avifaunal differences in habitat as reflected in the distribution ofopen-nesting birds (P > 0.05; G-test). The presence in comparable numbers in each site of the western wood pewee-a bird that, like swallows, forages on flying insects-makes it unlikely that the absence of swallows from sites without willow was due to anything but absence of nest cavities. The sites were remarkably similar in vegetation type and cover, and there was no evidence of a direct swallow-willow association.
This work shows that the presence of two obligate secondary cavity nesters is dependent upon a cooccurrence of at least three elements of a keystone complex: certain shrubby willow species, aspens, and sapsuckers. The importance of the heartwood fungus (the fourth element) to facilitating sapsucker nest excavation is discussed extensively in the literature (e.g., refs. 24, 25) . Disappearance of any element of the complex would presumably result in the local extinction of the swallows.
Biologists have typically considered the tropics as the locus of elaborate species interactions. Yet, even from the limited scope of this study, it appears that the complexities of temperate zone community structure may be considerably more intricate than previously thought. Indeed, the subtleties in the requirements of the sapsuckers and their dual keystone roles suggests that preserving some species depends upon the distributions of species with which they have no obvious interaction. The disappearance of a single species could precipitate a wholly unanticipated unraveling of community structure.
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